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Application of multicolor flow cytometry in liquid biopsy of breast cancer
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ABSTRACT

As aresult of the clinical study NCT04817501 “Phenotypic characterization of circulating tumor cells (CTCs) in
tumors of the female reproductive system”, we devel oped a method for preoperative prediction of arecurrence risk
in patients with stage T1 endometrial cancer (Patent No. 2762493 of 21.12.2021).

The article presents a clinical case of the use of multicolor flow cytometry in liquid biopsy of breast cancer (BC).
CTCs were detected in the blood of a patient with T2NOMO BC, stage I1A before the initiation of treatment.
Using multicolor flow cytometry, various CTC phenotypes were studied and the Her2/neu and ki-67 markers
were determined. These markers were aso studied in the biopsy and surgical material of the BC tissue using
immunohistochemistry. As a result of the study, it was shown that the molecular profile of CTCs in the blood
taken before fine needle aspiration biopsy coincided with that of cancer cells in the BC tissue. In addition, the
calculated risk of tumor progression before biopsy predicted recurrence of cancer in this patient 20 months before
its occurrence. The obtained results show the practical utility of multicolor flow cytometry in liquid biopsy of
cancers. The ability to evaluate CTCs by various molecular parameters can be useful for diagnosing, predicting,
monitoring, and determining treatment strategies for cancer patients.
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PE3IOME

B pesynpTare mnpoBeaeHus kiamHH4Yeckoro wuccienoBaHus NCTO04817501 «deHOTHNUYECKUI CIIEKTp
LUPKYJIUpYOMHUX omyxoneBblx ki1eTok (LIOK) npu omyXossx xKeHCKOH penpoayKTHBHOM CUCTEMBI» pa3paboTaH
croco0 JoOMepaoHHOT0 MPOrHO3UPOBAHKS PHCKa PELHIMBa Y OOJBHBIX pakoM sHaoMerpust T1 craanu (maTeHT
Ne 2762493 ot 21.12.2021).

[IpencraBieH KIMHUYECKUH NpUMEp MPUMEHEHUS MHOTOLBETHOH NPOTOYHON IIMTOMETPUM B SKUIKOCTHOMU
6uorncun paka MosouHoH xxenessl (PMIK). B kposu 6ospH0# PMOK T2NOMO ITA cramuu no Hagana gedeHns OblH
BoisiBlieHbI [JOK. MeTo1oM MHOTOIIBETHO IMTPOTOYHON IIUTOMETPHH UCCIIe0BaHbI pasdnuunbie perotumsl [JOK u
omnpeneneHsl Mapkepbl Her2/neu u Ki-67. B 6uornicuitHoM 1 onepanoHHOM Matepuaie Tkanu PMK meroom M-
MYHOTHUCTOXMMHUH OBLTH TAK:KE UCCIICIOBAHBI JAaHHBIC MapKephl. B pe3ynbTaTe moka3zaHo, 4TO MOJIEKYJISIPHBIH ITPO-
¢unb [JOK B xpoBH, B3sTOH 10 MpOLEyphl TOHKOUTOJILHON OMOIICHY, COBITAall C MOJIEKYJISIPHBIM PO(dHUIIEM OITy-
XoJIeBbIX KieTok Tkann PMOK. Kpome 3Toro, paccuuTaHHBIH PUCK Pa3BUTHS OILyXOJIEBOH IPOTrPECCHH JI0 OHOIICHH
CIPOTHO3UPOBAl BO3HUKHOBEHUE PELMMBA Y JaHHOU nanueHTku 3a 20 mec 10 ero nossiueHus. [lomydeHHble
Pe3yJIbTaThI IIOKa3bIBAIOT IIPAKTHYECKYIO 110163y MHOTOIIBETHON POTOYHOHN IIUTOMETPHH B JKHKOCTHOM OHOIICHH
OHKOJIOTHUeCKHX 3aboineBanuii. Bo3amoxkHocTs onenky [IOK 1o pa3imuHbIM MOJICKYIISIPHBIM ITapaMeTpaM MOXKET
OBITH IOJIE3HOH VISl TUAarHOCTHKY, TIPOTHO32, MOHUTOPHHIA M OIIPE/ICJICHUS CTPATETHH JICUSHUsI OOJILHBIX PAKOM.

KuioueBble cjI0Ba: )KMAKOCTHAs OMOIICHS, PaK MOJIOYHOH JKele3bl, MHOTOLIBETHAS IPOTOYHAs uToMeTpusi, Her2/
neu, Ki-67, MUPKyTHPYIOIINE OyXOJIEeBBIE KICTKH

KonpaukT nuHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HaCTOSIIEeH CTaThH.

Hcroynuk puHancupoBanus. VccienoBanue BHIOIHEHO NP GHHAHCOBOU Moepkke rpanTa [Ipe3unenra PO
M/1-2017.2020.7.

Jast uurupoBanusi: Kaiiroponosa E.B., ['pumienko M.IO. [IpuMeHeHre MHOTOLIBETHOM MPOTOYHON ITATOMETPUH
B )KUIKOCTHOM GHOIICHH paKa MOJIOYHOM XKeje3bl. Broiemens cubupckou meduyunst. 2023;22(3):165-170. https://
doi.org/10.20538/1682-0363-2023-3-165-170.

Application of multicolor flow cytometry in liquid biopsy of breast cancer

INTRODUCTION

Breast cancer (BC) occupiesaleading placeinterms
of incidence and is among the five deadliest cancers in
the world and in Russia [1]. It is a well-known fact that
the main reasons for failure to treat BC are recurrence
of the disease and its hematogenous metastasis.

Circulating tumor cells (CTCs) are involved in both
recurrence and metastasis of cancer. The CTC population
is known to be heterogeneous [2-5]. The presence
of CTCs is not aways accompanied by metastasis

formation, apparently because not all cancer cells that
have entered the circulation have properties sufficient
for it [2, 6]. Even localized tumors without clinically
visible metastases have been shown to be sources of
CTCs [3, 7, 8]. It is estimated that 3.2 x 108 tumor cells
detach from one gram of tumor tissue per day, but most
of them quickly proceed to apoptosis due to the loss of
adhesion to the extracel lular matrix, hemodynamic shear
forces, or immune system attacks [9, 10].

Liquid biopsy was introduced as a new diagnostic
concept in 2010 to analyze CTCsintheblood of cancer
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Clinical cases

patients and has now expanded to analyze circulating
tumor-derived factors, in particular circulating tumor
DNA (ctDNA), as well as extracellular vesicles
(EVs), microRNAs, mRNAS, long non-coding RNAS,
circulating extracellular proteins, and tumor-educated
platelets (TEPs) [11-25].

Tomsk NRMC in collaboration with Tomsk
Regional Cancer Dispensary carried out a clinical
study NCT04817501 “Phenotypic characterization
of circulating tumor cells (CTCs) in tumors of the
female reproductive system”, following which a
method for preoperative prediction of a recurrence
risk in patients with stage T1 endometrial cancer
was developed (Patent No. 2762493 of 21.12.2021)
[26]. The predictive model was based on multicolor
flow cytometry data on the number of different CTC
populations, including circulating cancer stem cells,
CTCs with markers of epithelial — mesenchymal
transition (EMT), and atypical / hybrid cell
populations.

The am of the study was to show the practical
application of multicolor flow cytometry and the
efficiency of the developed predictive model in the
diagnosis and prognosis of breast cancer.

CLINICAL CASE

In March 2021, patient P, 48 years old, turned
to an oncologist with complaints of a neoplasm in
the left mammary gland. The examination by a
mammologist reveded that the mammary glands
were symmetrical; the nipples and halos were
without abnormalities; abundant serous discharge
from the nipple was observed; atumor (4 cm) in the
upper inner quadrant of the left mammary gland was
detected by palpation.

No skin flattening was noted. Regional lymph
nodes were not enlarged. The patient was referred
for mammaography, bone scintigraphy, and computed
tomography (CT) of the chest. In addition, venous
blood was taken from the patient to study the presence
and molecular profile of CTCs using multicolor flow
cytometry.

In the course of the study, using fluorochrome-
conjugated monoclona antibodies to CD45, Epcam,
CK, mucl6, CD44, CD24, CD133, Ncadherin,
Her2/neu, Ki67, and NucBlu Live reagent, various
populations of CTCs were identified. Liquid biopsy
showed that 72% of CTCswere Her2/neu positive and
35% were Ki-67 positive (Fig. 1).

Fig. 1. Results of flow cytometry on the assessment of various populations of CTCs in the blood of patient P., 48 years old, before
the biopsy

In addition, atypical / hybrid Epcam+CD45+ cells
at a concentration of 19.3 cells / mm?® were detected
in the blood of this patient. We calculated the risk of
tumor progression using the model proposed in patent
No. 2762493, based on data on the number of different
CTC populations (the number of Epcam+CD45-
cells, CTCs with the Epcam+CD45-CD44-CD24-
Ncadherin+ phenotype, the number of circulating

cancer stem cells without Epcam expression on the
membrane with the Epcam(m)-CD45-CD44+CD24-
phenotype (cells/ ml), the number of atypical / hybrid
forms of CTCs with the Epcam+CD45+ phenotype
(cells / ml)). The risk of recurrence in this patient
was 75%.

Mammography onthe MG Adani machine (radiation
exposure was 0.003 mSv) revealed accumulation
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of pathological microcalcifications at the border of
the inner quadrants of the LV. The area of changes
was 44 x 19 x 26 mm. Impression: cancer of the left
mammary gland manifested by microcalcifications.
BI-RADS5.

Chest CT of 31.03.2021 (CT Simens device, dose
4.80 mGy) revealed amassin the | eft breast. No focal
pathological lesions were found in the lungs.

Bone scintigraphy of 5.04.2021 using the pirfotechum
radiopharmaceutical with an activity of 370 mBgand an
effective radiation dose of 0.80 mSv did not reveal any
scintigraphy signs of afocal skeletal lesion.

According to the ultrasound findings on the US
Philips 1U22 apparatus, a mass in the left mammary
gland (34 x 11 x 17 mm) was found (BI-RADS 5).
Axillary lymphadenopathy on the left was detected.
Signs of diffuse fibrocystic breast disease were noted.
The echotexture of the liver was not disturbed. Biopsy
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of the mass using a biopsy gun was performed.
Impression of the histol ogic examination of the biopsy
material (No. 8469-71\21) of 06.04.2021: non-specific
invasive breast carcinoma (ICD-O code 8500/3),
G 2 (3 + 2 + 1), with structures of ductal carcinoma
in situ, G 2.

Immunohistochemistry of the biopsy material
using the Leica Bond-Max immunohistochemistry
staining system and antibodies against estrogen
receptor (clone 6F11, Leica), progesterone receptor
(clone 16, Leica), c-erB-2 (Her2/neu) (Polyclonal
Rabbit, Dako), and Ki-67 (clone SP6, Cell Marque)
showed positive homogeneous staining of tumor cells
for estrogen receptors and heterogeneous staining for
progesterone receptors (Fig. 2, a, b), Her2/neu 3+
membrane staining (Fig. 2, ¢); about 30% tumor cells
were positive for the Ki-67 marker (Fig. 2, d), which
corresponded to luminal B2 BC.

Fig. 2. Photographs of the immunohistochemical study of the biopsy material obtained from patient P., 48 years old.

Immunohistochemical staining of breast cancer tissue using antibodies: @ — against Estrogen receptor (clone 6F11, Leica), the

image obtained using the digital slide scanner Aperio AT2, Leica at medium magnification; b — against progesterone receptor (clone

16, Leica); the image obtained using the digital slide scanner Aperio AT2, Leica at medium magnification; ¢ — against c-erB-2

(Her2/neu) (Polyclonal Rabbit, Dako); the image obtained using the digital slide scanner Aperio AT2, Leica at high magnification;

d — against Ki-67 (clone SP6, Cell Marque), the image obtained using the digital slide scanner Aperio AT2, Leica at medium
magnification.
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According to the results of the study, patient
P., 48 years old, was diagnosed with cancer of the
upper inner quadrant of the left breast (ICD code
C50.2) T2NOMO, stage I1A. This patient underwent
6 courses of neoadjuvant chemotherapy (DCHP).
In September 2021, she underwent a subcutaneous
mastectomy on the left with a biopsy of the sentinel
lymph nodes at Cancer Research Institute of Tomsk
NRMC. Impression of sentinel lymph node cytology
(dide no.. 2124cito 28.09.2021) showed the
presence of lymphoid elements. The impression of
the pathomorphological examination of the surgical
material (No. 27486-5051): invasive carcinoma of no
specia type G2 (ICD-O code 8500/3). No metastatic
lesion was detected in the sentind lymph node.
CurativepathomorphosisaccordingtotheRCB grading
system — RCB-I, according to G.A. Lavnikova —
[1l degree, pathological type ypT1INOMX. No tumor
was detected along the resection margins.

Until May 2022, the patient received transtuzumab,
then tamoxifen. On 15.07.2022, according to the chest
CT, areas of compaction in thelungswithout dynamics
were identified. The impression of the ultrasound
examination of 15.07.2022: incomplete involution of
the right breast. Residual signs of fibrocystic breast
disease on the right. Condition after a subcutaneous
mastectomy on the left, sentinel lymph node biopsy,
expander installation (September 2021). No echoscopy
evidence of disease progression was obtained. Diffuse
changesin the liver were noted. Chronic cholecystitis.
Bone scintigraphy of 21.11.2022 did not reveal any
scintigraphy signs of non-proliferative focal skeletal
lesions. The impression of the ultrasound examination
of 18.11.2022: axillary lymphadenopathy on the left.
Fine-needle aspiration biopsy was performed. The
cytological examination of the lymph node puncture
showed the presence of metastasis.

Thus, according to the results of the examination
13 months after the surgery, data for regional BC
recurrence were obtained. In December 2022, the
patient underwent axillary lymphadenectomy. The
impression of the pathomorphological study (No.
39063-76/22 of 26.12.2022): metastasis of invasive
breast carcinoma (1CD-O code 8500/6) to the lymph
node, with invasion of the tumor into the capsule of
the lymph node and extracapsular spread into the
perinodal adipose tissue, signs of lymphovascular
invasions. Data for neural invasion were not found.
Currently, the patient has independently sought
care at Blokhin National Medica Research Center
of Oncology, where she is receiving radiation

therapy and chemotherapy with anastrozole and
transtuzumab.

CONCLUSION

Thus, the use of multicolor flow cytometry in
liquid biopsy of BC made it possible to identify
heterogeneous populations of CTCs. Asaresult of the
study, it was shown that the molecular profile of CTCs
in the blood taken before fine needle aspiration biopsy
coincided with the molecular profile of tumor cells in
the BC tissue. In addition, our calculated risk of tumor
progression before biopsy predicted a recurrence
of the disease in this patient 20 months before its
occurrence. The obtained results show the practical
utility of multicolor flow cytometry in liquid biopsy
of cancers. The ability to evaluate CTCs by various
molecular parameters can be useful for diagnosing,
prognosing, monitoring, and determining a treatment
strategy for cancer patients.
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